Abstract 27
Declines in pollinator abundance and diversity are not only a conservation issue but also a 28 threat to crop pollination. Maintained infrastructure corridors, such as those containing 29 electricity transmission lines, are potentially important wild pollinator habitat. However, 30 there is a lack of evidence comparing the abundance and diversity of wild pollinators in 31 transmission corridors with other important pollinator habitats. We compared the diversity of 32 a key pollinator group, bumble bees (Bombus spp.), between transmission corridors and the 33 surrounding semi-natural and managed habitat types at ten sites across Sweden's Uppland 34 region. Our results show that transmission corridors have no impact on bumble bee diversity 35 in the surrounding area. However, transmission corridors and other maintained habitats have 36 a level of bumble bees abundance and diversity comparable to semi-natural grasslands and 37 host species that are important for conservation and ecosystem service provision. Under the 38 current management regime, transmission corridors already provide valuable bumble bee 39 habitat, but given that host plant density is the main determinant of bumble bee abundance, 40 these areas could potentially be enhanced by establishing and maintaining key host plants. 41 We show that in northern temperate regions the maintenance of transmission corridors has 42 the potential to contribute to bumble bee conservation and the ecosystem services they 43 provide. 44
Introduction 52
Pollinators provide an essential ecosystem function, with 80% of plants being dependent on 53 animal pollination for their reproduction [1] . Pollinators also provide an equally important 54 regulating ecosystem service wherein 35% of total global crop production is reliant on animal 55
pollination [2] . The discrepancy between supply and demand for honey bees provision of this 56 regulating service has resulted in wild pollinators contribution to pollination gaining more 57 recognition [3] . This is because pollination services provided by wild pollinators are often 58 equal, complementary or superior to that provided by honey bees [4, 5] . A minority of bee 59 species, including both managed and wild bumble bee species (Bombus spp.), pollinate most 60 crops [6] . As bumble bees forage more effectively in colder temperatures than other bee 61 species, their importance increases with latitude [7] . 62
63
Pollinators are threatened by human induced environmental modification, including habitat 64 loss, climate change and pesticides use [8, 9, 10] . Bumble bees are more sensitive to these 65 changes than other bee species [11, 12] . Although some bumble bee species can use human 66 modified habitats and are thriving, others are declining or near-extinct [11, 13] . For example, 67 of the 68 bumble bee species recorded in Europe 31 species are in decline and an additional 68 16 species are threatened with extinction [14] . Habitat destruction [15] and a corresponding 69 decrease of preferred host plant species [16] is one factor driving declines in bumble bee 70 populations. For example, Europe's semi-natural grasslands, which are a significant bumble 71 bee nesting and foraging habitat [17, 18] , have decrease by 12.8% between 1990 and 2003 72 [19] . 73
74
In response to pollinator decline, many government and international organisations are 75 recognising the importance of maintaining pollination services [20, 21, 22, 23] . The 76 economic benefit provided by pollinators globally and within the EU level is estimated at 77 €153 and €15 billion respectively [24] and therefore, maintaining and enhancing pollination 78 is a significant area of policy. One policy response is the use of incentives. These Material, Figure S1 ). In order to minimise landscape composition confounding our results, 136
we ensured that 1) all sites had at least 45% forest cover (range 45-70%); 2) that the second 137 most common land use was agriculture, and 3) that all target habitats were represented (see 138 Table 1 for habitat description). Sites were between 3.2 and 6.4 km apart. There can be a 139 wide variation in foraging distances between bumble bee species, with radio-tracked B. 140 terrestris (L, 1758) and B. ruderatus (Fabricius, 1775) workers foraging up to 2.5 km and 1.9 141 km respectively from their nests [43], while B. muscorum (L, 1758) has a much smaller 142 foraging range of between 100-500 m [44] . Therefore, the distances between our sites 143 minimised the chance that bumble bees recorded in one site were also recorded in another. 144 Flower density was also included as a covariable. To account for the hierarchical structure of 199 the data, transect nested within site was included as a random factor. Residuals were 200 investigated to ensure they fulfilled the model assumptions and to meet the postulation of 201 homoscedasticity we used a constant variance function. All models (see also below) were 202 constructed using package nlme [47] Finally, to assess the importance of each host plant species for every recorded bumble bee 232 species in the surveyed habitats, we calculated the plant species' strengths [55] Fig 1B) . Similarly, we 258 found no differences among habitats in terms of total bumble bee abundance or species 259 richness ( Table 2 , Fig 2A and B) . As we predicted, flower density was the strongest predictor 260 of bumble bee abundance and richness (Table 2) . While the power to detect a 20% difference 261 among sites that were bisected and not bisected by a transmission corridor is low (power 262 ranges from 19% for abundance model to 31% for richness model), our power to detect a 263 20% difference between semi-natural grasslands and transmission corridors is higher (67% 264 for the abundance model; 89% for the richness model). 265 266 Patterns of species beta diversity reveal that sites bisected by a transmission corridor did not 267 have more homogenous species composition compared with sites not bisected by a 268 transmission corridor (test for differences in beta diversity: n = 10, F 1,8 = 0.03, P = 0.85, Fig  269   1B ). We also found that species turnover among transects of the same habitat was similar, 270 with all habitats having between 11 and 15 rarefied species (i.e. gamma diversity; Fig 2B) . 271
272
We found that provider species were present in most habitats. B. pascuorum and B. terrestris 273 were present in all habitats and were also the most abundant, while B. lapidarius was found 274 in all habitats except forest. Overall, the abundance of provider species was not different 275 across habitats ( Fig 3A, Table 3 ). Interestingly, threatened species were not limited only to 276 semi-natural grasslands (B. sylvarum and soroeensis), but were also found in roadsides (B. 277 humilis, soroeensis and sylvarum) and transmission corridors (B. muscorum and humilis). 278
However, threatened species were rarely found in the other habitat types ( Fig 3B, Table 3 ). 279
Flower density did not explain threatened species abundance (Table 3) . 280 281 Throughout all the sites Carduus crispus (L., 1753), Trifolium pratense (L., 1753) and 282
Centaurea jacea (L., 1753) were the most important host plants for sustaining both 283 threatened and provider species (Table 4, Fig 4) . However, the importance of plant species 284 measured as its strength varied between transmission corridors and semi-natural grasslands. 285
For example, due to their abundance, species in the genus Trifolium were more important in 286 semi-natural grasslands than in transmission corridors. Overall, important plant species 287 sustained both bumble bee species that were not overly reliant on them and threatened species 288 (e.g. B. sylvarum, B. humilis: Fig 4) . We found that SK's current maintenance regime resulted in transmission corridors having 302 bumble bee abundance and diversity equivalent to that in semi-natural grasslands. This 303 supports the increasing recognition that transmission corridors are valuable wild pollinator 304 habitat as in Sweden [17, 60] . In order to prevent tall vegetation damaging overhead lines, 305 operative transmission corridors within forested areas should continue being maintained. 306
Continuation of SK's current management regime should result in transmission corridors 307
providing bumble bee habitat equivalent to that supplied by semi-natural grasslands. 308
309
The fact that both transmission corridors and roadsides can sustain similar numbers of 310 bumble bees is remarkable, especially given that the area of semi-natural grasslands in 311
Sweden is estimated to be <10% of what it was one century ago [61] . This is particularly true 312 for threatened species as 18 of the 41 bumble bee species in Sweden are in decline and seven 313 more are threatened with extinction [14] . Hence, areas of transmission corridors in forested 314 areas could provide some mitigation to the loss of semi-natural grasslands. 315 316 Roadsides also provided valuable habitat for threatened and provider species, with numbers 317 of individuals per transect in both groups ranking higher than semi-natural grassland and 318 forest/grassland boundaries. Roadsides tended to have high flower cover (30% density on 319 average) which is similar to that of semi-natural grasslands. Maintained drains and cereal 320 crop edges also had flower coverage similar to transmission corridors (13-20%), but 321 sustained fewer bumble bee individuals, particularly those of threatened species. Dense grass 322 swards were observed in many of the maintained drains. These swards possibly limited the 323 habitat available for the favoured host species such as T. pratense, which are light demanding 324 and low growing [62] . Overall, cereal crop edges were the narrowest habitat, with some being 325 ≤1m wide, and hence provided the least suitable area for host plants. As forested areas of tall 326 evergreen trees (predominantly Pinus sylvestris (L., 1753) and Picea abies (L. 1753)) had 327 little flower cover (average of 5% density), it is not surprising that this habitat type hosted 328 few bumble bees. Flower abundance later in the season is also critical for late emerging species because many 363 of these are threatened [16] . In Sweden, bumble bees are mostly active up to early September, 364 after which the new queens hibernate underground [17] . As we surveyed almost to this 365 period, we assume that we captured the peak phenology of most bumble bee species, 366
including the threatened species. 367 368 For most bumble bee species, legumes and other nectar rich flowers are a significant resource 369 [62] and our results support this observation. Although we did not separate nectar and pollen 370 foraging trips, it is likely that different plant species are important for different reasons. For 371 example, while T. pratense is a rich source of nectar and pollen, most thistle species may be 372 used only for nectar [62] . However, in comparison to semi-natural grasslands, the 373 transmission corridors we surveyed had a lower abundance of key plants such as T. pratense. Consequently, transmission corridors cannot substitute AES, but can complement it. In other 407 situations it has been shown that tailoring inputs for specific results is possible. Application 408 of AES is simple -resource poor landscapes e.g. croplands had the greatest benefit to 409 provider species, whilst applying AES in more complex landscapes provided more benefit to 410 threatened species [69] . The widespread geographic extent of transmission corridors through 411 many northern hemisphere landscapes provides valuable but yet to be fully exploited 412 opportunities for bumble bee conservation. However the benefit of transmission corridors for 413 biodiversity other than bumble bees has not yet been explored. 414 415 416
Conclusions 417
Bumble bee abundance and diversity is threatened by many factors. Given both the intrinsic 418 value of bumble bees and the ecosystem service they provide, actions are being taken to 419 counter these threats. Studies, including ours have shown that the maintenance of 420 transmission and other infrastructure corridors may unintentionally create valuable habitat for 421
pollinators. Our study also shows that SK's current transmission corridor maintenance regime 422 is a cost effective way of producing such habitat when compared to other maintenance 423 regimes. The permanence and extent of transmission corridors means that any wild pollinator 424 habitat created due to their maintenance is likely to be present long-term. There are simple, 425 proven management practices to enhance bumble bee richness and abundance but further 426 research is needed to evaluate and optimise conservation approaches. Funding is needed for 427 such work. Any future reviews of the Europe 2020 Strategy, CAP, or similar policy may 428 provide opportunities to promote incentives to enhance the valuable pollinator habitat 429 provided by maintaining infrastructure corridors. 
